Abstract Considering the significant differencies between the chemical composition of the kernel layers, distribution of chemical compounds in intermediate, final and subproducts of the milling process come as a result of the level of dissociation achieved during the milling process. These differences serve as a basis for the mill process control. Ash determination is probably the most widely used tool while even greater differencies exist in cellulose and especialy starch content. In this work efficiency function has been defined and used to evaluate the relative efficiency of the separation of endosperm from the outer pericarp leyers of the kernel. It is based on quantity rates (flour extraction and subproducts yield) and qulitative analyses (starch and cellulose content in the wheat, flour and subproducts).
Introduction
The aim of the wheat flour milling process, along with the size reduction, is to obtain the best possible dissociation of the starchy endosperm from the other parts of the grain to yield the white flour (Antoine et al. 2004 ). The flour is produced from wheat through comprehensive stages of grinding and separation (Shekara et al. 2011) . The separation should ideally occur at the level of the endospermaleurone layer interface. Although the aleurone layer is part of endosperm, it is separated as part of the bran during the milling process (Peyron et al. 2002) . However, it is impossible to mill flour completely free of bran contamination. Milling tends to concentrate various section of the kernel into different flour mill streams but the complete separation of the anatomic parts can not be achieved. The objective in efficient milling is to approach this goal as closely as possible (Posner and Hibbs 2005) .
Ash determination is of great value to the miller because it is a relatively accurate index of the separation of endosperm from pericarp and germ in any particular flour. Ash is concentrated in the bran with over half the total in the pericarp, testa and aleurone (Kent 1975) . The most widely used single measurement of milling efficiency from a technical viewpoint is accumulated ash curve. This can be constructed from the flow rate, percentage of ash and moisture level of all the mill's intermediate flour streams (Posner 1991; Sakhare and Inamdar 2011) . Along with the ash content, Kim and Flores (1999) used color and bran speck counts to determine the bran contamination in wheat flours.
The mill's intermediate streams also differ in protein quantity and quality (Nelson and McDonald 1977) , the quantity and properties of the pentosans (Ciacco and D'Appolonia 1982) , contents of free lipids and their fatty acid composition (Prabhasankar and Haridas Rao 1999; Prabhasankar et al. 2000a, b) , distribution of enzymes (Rani et al. 2001) , fibre composition (Escarnot et al. 2010) . Jensen et al. (1982) suggested the method for quantifying pericarp, aleurone, and endosperm in wheat milling fractions by their autofluorescence characteristics. Antoine et al. (2004) used starch, phytates, p-coumaric acid and dehydrotrimer of ferulic acid as markers to quantify the proportion of starchy endosperm, aleurone cell content, aleurone walls, intermediate layer and outer pericarp in bran products.
However, in the industrial conditions, dealing with day to day problems associated with commercial production, some of this analysis is still impracticable and expensive. Compared to ash content even greater differencies between the anatomic parts of the wheat kernel exist in cellulose and especialy starch content. The idea was to define the efficiency function that is applicable in industry.
Efficiency function
Assuming that material represents the mixture of two components (component 1 and 2), the aim of separation process is to obtain the best possible dissociation between them. Separation results in two fractions, fraction 1 -mainly consist of component 1 and fraction 2 -mainly consist of component 2. In ideal situation (complete separation) fraction 1 contains only component 1 (without component 2) while fraction 2 contains only component 2 (without component 1). In reality, the complete separation rarely occurs and certain amount of components 2 and 1 are present in fractions 1 and 2 respectively.
The following symbols represent:
Q mass flow of the native feed a 1/2 weight fraction of the components 1 and 2 in native feed P 1/2 mass flow of the fractions 1 and 2 B 1/2 yield of fractions 1 and 2 relative to the native feed 8 11 weight fraction of the component 1 in fraction 1 8 21 weight fraction of the component 2 in fraction 1 8 12 weight fraction of the component 1 in fraction 2 8 22 weight fraction of the component 2 in fraction 2
Considering the fraction 1, the efficiency of separation increases with the increase of 8 11 and decrease of 8 21 with ideal situation having:
Considering the fraction 2, the efficiency of separation increases with the increase of 8 22 and decrease of 8 12 with ideal situation having:
The separation efficiency can be defined as a ratio of "achieved level of purity" relative to the "maximum level of purity" (ideal situation). For the fraction 1, achieved level of purity represent difference between 8 11 and a 1 , while for the fraction 2 can be defined as difference between 8 22 and a 2 :
Maximum level of purity corresponds to ideal situation having:
Eqs. (6) and (7) define the separation efficiency considering fractions 1 and 2 respectively:
The over all separation efficiency also depends on the yield of fractions 1 and 2 (B 1 and B 2 ) because high level of purity can be achieved but with cost of low fraction yield. Following the increase of the fraction yield, the relative contribution of achieved separation efficiency considering the observed fraction (E 1 or E 2 ) to overall separation efficiency (E) also increases:
Separation efficiency reaches its maximum with E01 (following E 1 01 and E 2 01) which corresponds to the ideal situation.
To study the effectiveness of the wheat flour milling process one needs quantity rates (break release, flour yield, particle size distribution of the output) and qualitative analyses (ash, protein, starch content in the flour or size fractions of the output etc.) (Farrell and Ward 1965) . The relative amounts of products are expressed as functions of quantity and quality. Practically, the efficiency of the milling process is influenced both by the yields of the final (B 1 ) and by-products (B 2 ) as well as their "purity" or the absence of endosperm in by-products and bran in final products. Most of the approaches use some of the constituents as an indicator of presence of certain grain tissue in flour mill stream. Contrarily this model is based on an absence of certain constituent as an indicator of absence of tissue in the mill stream. Determination of the starch content in the by-products (bran) of the flour milling process serves as a measurement of the loss of endosperm in bran. Determination of flour cellulose content serves as a measurment of bran contamination of the flour. This is reason why it is necessary first to know starch content (a 1 ) and cellulose content (a * 1 ) in the wheat (native feed). Knowing a 1 and a * 1 , the values of a 2 and a * 2 defined as a content of all other components in the wheat except starch and cellulose respectively, are coming from Eq. (1).
The absence of cellulose in flour indicates the high separation efficiency. Presuming ideal dissociation of endosperm 
Complete separation of the anatomic parts of the wheat kernel also means that there are no endosperm particles in by-products (bran) with starch content 8 12 00 while the content of all other components (except starch) is 8 22 01. Considering bran (fraction 2) separation efficiency can be defined as:
Having B 1 and B 2 as the yields of the final (flour) and by-products (bran) of the wheat milling process the overall separation efficiency (E) can be defined as:
Separation efficiency reaches its maximum with E01 (following E 1 01 and E 2 01) which coresponds to ideal situation that is complete separation between endosperm and bran.
Materials and methods
Function was tested using the samples obtained from four commercial mills of different milling capacity (Table 1) . Before sampling, investigated commercial mills were checked for any kind of disturbances in the process and sampling was carried out with balanced load to machines. Because of differences in stream quantities, the streams are collected for different lengths of time (30-60 s). When inserted into the Table 1 , all the streams are corrected to the same length of time (1 min). Samples were taken after the air locks of the pneumatic conveying system to avoid any potential influence of air from pneumatic system on material flow. Three set of samples were collected and for each sample, starch, cellulose and ash content have been determined according to Ewers polarimetric method (ISO 10520 1997), Kirschner-Ganakova's procedure for cellulose (Ćirić et al. 1975 ) and ICC standard method no.104/1 (1990), respectively. The results are expressed as mean±standard deviation and as 95 % confidence interval given by Student's t-distribution. The mean values of corresponding data are used to calculate the separation efficiency according to Eq. (11).
Results and discussion
Flour extraction (Table 1) as well as the basic chemical composition of the final and by-products (Table 2) were on the usual level for industrial flour milling process. Ash, protein and cellulose content increase while starch content decreases from the inner to the outer part of the wheat kernel (Kent 1975) . As expected, the increase of the ash content is followed by the decrease of the starch content and increase of the cellulose content (Table 2) . Considering the milling efficiency, it is very important that the mentioned trends are less emphasized in the final products (flour) compared to ones in by-products (millfeed). Table 3 contains the parameters as well as separation efficiency (E) calculated upon the data presented in Tables 1 and 2. The following example illustrates the calculation based on the proposed model for the data from industrial mill B:
Starch content in the wheat À 70:6 % ð Þ ) a 1 ¼ 0:706 ) a 2 ¼ 0:294 Cellulose content in the wheat À 2:16 % ð Þ ) a In the cases when two or more flour types are extracted in the milling process (mill A and D), separation efficiency was calculated using Eq. (12) in which subscript-n denote the corresponding flour type.
It is impossible to obtain flour completely free of bran contamination as well as certain amount of endosperm goes with the milling by-products. These byproducts are collectively referred as millfeed. It is not a single homogenous stream but a collection of several streams and term milfeed is applied to any one of the fractions of the kernel left after flour removal (coarse bran, fine bran, shorts, and feed middlings) (Saunders et al. 1975) . Its composition varies, depending on mill operation and wheat variety. The starch content of the various millfeeds can go from around 5 % (coarse bran) up to 40 % (feed middlings) (Fellers et al. 1966a , b) so a rough calculation suggest that starch content in the millfeed of around 18-25 % can be consider as an indicator of relatively high milling efficiency (Mepкo et al. 1983 ). However, it depends on the adjustment of the mill and a selection of flours that are extracted in the process. It's obvious that separation efficiency has significant negative correlation with starch content in the milling by-products (r0 −0,956).
Commercial mills differ in milling capacity, approach to wheat conditioning, technical efficiency of machines, roll gap settings, sieving conditions and etc. Separation efficiency (E) can be used to compare milling performances of different commercial mills (especially if they use the wheat of relatively same quality), but it is even better suited for comparisons of the separation efficiency achieved within the same mill. The function should react to changes in the adjustment of mill and help to optimize the recovery of milling by-products by putting you in the control of the parameters, such as cellulose and starch content, that influence the recovery of bran and middlings.
Conclusion
The proposed efficiency function is based on the data such as flour and bran yield that are practically determined on a daily bases. Also, today lot of the mills uses NIR technology for real-time, on-line control of the milling process. It can be attached to any spout in the mill for evaluation of the flowing material or flour qualitative characteristics that can influence milling performance. Using NIR it is relatively easy to monitor data such as starch and cellulose content of wheat, flour and by-products. This function offers rapid relative measurement sensitive to changes in the mill in order to make a processing response to these changes.
